ABSTRACT The mating behavior of Hyalesthes obsoletus Signoret (Hemiptera: Cixiidae) was studied to determine the role of substrate-borne vibrational signals in partner recognition, pair formation, and courtship. Planthopper vibrational signals were detected from nettle, Urtica dioica L., cuttings by laser vibrometer. Either male or female could initiate the mating sequence that was divided into three sections: recognition, courtship and precopula. The females were the more vibrationally active gender in the recognition stage and males in the courtship and precopula stages. Four distinct syllables constituted the male repertoire and were emitted in different behavioral contexts. The male syllable 1 was used during the recognition duet, as a reply to female pulse trains and it formed, in combination with male syllable 4, the male precopula signal. This latter signal was emitted in the vicinity of a receptive female and accompanied by jerky lateral movements of the body and tapping of the legs to the substrate. Although nonduetting males emitted long trains composed of male syllable 2, males during the courtship phase emitted trains formed mainly by male syllable 3. Female vibrational signals consisted of nonstructured pulses, emitted either in trains during the recognition phase or as single pulses, in reply to male trains in the courtship stage. In the precopula phase, the females ceased signaling. According to our results, in H. obsoletus the vibrational signals play a major role in stimulating the male search process and in ensuring the female acceptance.
The planthopper Hyalesthes obsoletus Signoret (Hemiptera: Cixiidae) is the vector of the stolbur group (16SrXII-A) phytoplasmas (Lee et al. 1998 ) associated with Bois noir (BN), a disease spread in most of the European grape-growing areas (Maixner 1994 , Sforza et al. 1998 , Alma et al. 2002 . Although in Europe the main planthopper host plants are nettle (Urtica dioica L.) and bindweed (Convolvulus arvensis L.), adults of H. obsoletus can occasionally feed on grapevine (Vitis vinifera L.), thus transmitting BN (Langer and Maixner 2004, Bressan et al. 2007) . As the spread of the disease through European vine areas is more and more alarming (Johannesen et al. 2008) , H. obsoletus is considered an important threat for viticulture and many studies have been undertaken to provide knowledge for supporting sustainable control practices, dealing primarily with the planthopperÕs biology, ecology, and transmission ability (e.g., Bressan et al. 2007 , Lessio et al. 2007 , Johannesen et al. 2008 , Kaul et al. 2009 ). Recently, the role of olfactory cues in host plant selection has been investigated (Sharon et al. 2005 , Riolo et al. 2009 ). However, the knowledge of intraspeciÞc communication is still lacking.
In planthoppers (Fulgoromorpha), partner recognition and mate location are mediated via species-and sex-speciÞc substrate-borne vibrational signals, and there is no evidence of either chemical or visual signals in their sexual communication (reviewed in Claridge 1985, Č okl and Virant-Doberlet 2003) . Most studies of planthopper vibrational communication have been done on Delphacidae (Virant-Doberlet and Č okl 2004) . In Cixiidae, vibrational signals were investigated in cave-dwelling species (Hoch and Wessel 2006) , and male vibrational signals were recorded in several surface-dwelling species including H. obsoletus (Tishechkin 1997 (Tishechkin , 2003 ; however, neither detailed signal analysis nor behavioral characterization were done.
The aim of this study was to describe the mating behavior of H. obsoletus to highlight the role of substrate-borne vibrational signals in intraspeciÞc communication, with particular concern for pair formation.
Materials and Methods
Insects. H. obsoletus adults were collected from nettles in a grassland area of San Piero a Grado (Pisa, Italy; 43Њ40Ј4Љ N, 10Њ 19Ј5Љ E) by sweep netting on 15 July 2008. Specimens were individually kept in plastic cylinders (height, 8 cm; diameter, 6 cm) covered by net with mesh size 0.5 mm and maintained in a climatic chamber at 22Ð25ЊC and 60 Ϯ 5% RH. Insects were fed on cuttings of nettle partially immersed in technical agar (solution 0.7%) renewed every third day.
Recording Vibrational Signals and Behavior. Recordings were conducted at Pisa University at temperatures of 22Ð25ЊC. All tests were conducted from 20 July to 14 August 2008, from 10 a.m. to 8 p.m. Vibrational signals were detected on the nettle leaf lamina by the use of a laser vibrometer (PDV 100, Polytec GmbH, Waldbronn, Germany). Signals were digitized with 48-kHz sample rate and 16-bit resolution and stored directly onto a hard drive of a PC computer using the data acquisition device Plug.n.DAQ (Roga Instruments, Waldalgesheim, Germany) Individuals were placed on a cut nettle stem with two leaves (distance between leaves, 6.5Ð7.5 cm; median axis of each leaf, 4.5Ð5.5 cm). It has been shown that neither plant transmission properties (Č okl et al. 2007 ) nor ability of planthoppers (Virant-Doberlet and Ž ežlina, 2007) or leafhoppers (Mazzoni et al. 2009; M.V.-D., unpublished data) to locate the partner are affected by using cut plants in the experimental setup. The bottom of the stem was put into a vial Þlled with water to prevent withering. To avoid insects escaping during the recordings a Plexiglas cylinder (height, 50 cm; diameter, 30 cm) with a small opening for the laser beam was put over the cutting.
Because all specimens were collected from the Þeld as adults, we did not have the information about their actual age and mating history, and all individuals were preliminarily used in single tests to select those that showed signaling activity. We conducted the following experiments: 1) single males (n ϭ 21) were placed on a nettle leaf and vibrational signals and behavior were recorded for 30 min; 2) single females (n ϭ 28) were placed on a nettle leaf and vibrational signals, and behavior were recorded for 30 min; and 3) 20 males and nine females were used to determine the role of vibrational signals in pair formation. Each male was used only once, whereas seven females were used twice and two females three times. Females were never tested more than once per day. One male and one female (n ϭ 20) were put on two distinct leaves and vibrational signals and behavior were recorded either until the male reached the precopula position (see below) and attempted to copulate or for 30 min when planthoppers did not show any mating behavior.
Terminology. Vibrational signals were labeled according to their behavioral context. Calling signals (calls) were deÞned as signals spontaneously emitted also by isolated insects that trigger a reply from the opposite sex (Booij 1982 , Tishechkin 2003 . Courtship signals were deÞned as signals that are emitted soon after the males have already established a vibrational contact with a receptive female. Pulse was deÞned as a unitary homogenous parcel of sound of Þnite duration (Broughton 1963) and subpulse as an amplitude modulated unit. Subpulses arranged into repeatable and temporally distinct groups were termed syllables. Pulses or syllables arranged into repeatable and temporally distinct groups were termed pulse/syllables trains. Sequences of syllables of the same type inside a train were termed syllable subtrains.
Signal Characterization. We measured the following signal parameters: dominant frequency and duration of pulses and syllables, pulses/syllables repetition time within a train and composition of male syllable trains (as percentage of different types of syllables within the train). Signal recordings were analyzed using the computer software program Raven 1.2.1 (Charif et al. 2004 ). For measuring duration we used a spectrogram window size of 128 samples (time resolution, 2.67 ms), whereas for measuring frequency, we used a spectrogram window size of 1024 samples (frequency resolution, 46.9 Hz).
Results are presented as mean (m), range (max. and min.), standard deviation (SD), and coefÞcient of variation within (CVintra) and between individuals (CVinter) (Gerhardt 1991) together with the number of signals analyzed for each individual (N) and number of insects (n) from which signals were obtained. For each type of syllable we measured duration, dominant frequency and relative amplitude of the subpulses. As for the relative amplitude, we conventionally assigned the reference value of 1.0 to the Þrst subpulse.
To analyze signal characteristics, we performed the following statistical analyses (Siegel and Castellan 1988) .
To characterize the structure of each syllable, duration, dominant frequency, and relative amplitude were compared between the subpulses composing it with the Friedman test (nonparametric repeated measures analysis of variance [ANOVA] ).
To determine whether the composition of male syllable trains varies according to the behavioral context, the KruskalÐWallis test (nonparametric one-way ANOVA) followed by BonferroniÐDunn multiple comparison test was used. We compared the occurrence of different syllable types in male syllable trains obtained in single male test, pair test in absence of female response, and pair test with female response.
To detect possible differences either in spectral or temporal parameters between male and female trains, the Wilcoxon signed rank test was performed, by taking 100 ordered syllables, as average of nine females and 13 males, starting from the Þrst emission of randomly chosen trains. The same data also were analyzed for the trend in the course of the signal emission, by means of Spearman rank ordered correlation analysis, where dominant frequency, syllable/pulse repetition rate, and syllable/pulse duration were compared between males and females.
Analysis of Behavioral Parameters. We measured the following parameters: male and female signaling latency (time from the "arrival" to the leaf to the Þrst spontaneous emission of a vibrational signal), number of signals emitted, train syllable composition (as percentage of MSy2), and the signaling activity (percentage of signaling time within 30 min) of individuals that emitted at least one pulse/syllable train. In addition, we counted how often planthoppers changed position on the plant after the emission of vibrational signals (expressed as number of calling points). In the pair test, the mating process duration (from the Þrst male/ female signal interaction to copula) and the male and female response rate (percentage of signal replies to the partner) also were measured. We characterized the behavioral sequence from the onset of a duet to copula and associated each step with the emission of particular vibrational signals.
To determine whether the presence of another individual on the same substrate inßuences the signaling behavior we performed the following tests: 1) male signaling latency and train syllable composition were compared between single test, pair test in absence of female response, and pair test with female response by the KruskalÐWallis test followed by the BonferroniÐ Dunn multiple comparison test; and 2) the number of signals/syllables per male and the signaling activity were compared between single test and pair test in the absence of female response by the MannÐWhitney test.
Results
Vibrational Signals. Vibrational signals of H. obsoletus are composed of pulses and syllables, the latter containing either two or three subpulses. The male repertoire consisted of three different types of vibrational signals: the male calling signal (MCS), the male syllable train (MTS), and the male precopula signal (MpCS) ( Table 1 ). The only recorded female emission was a pulse (female pulse [FP] ) with a nonmodulated structure. Three types of male vibrational signals are formed by four distinct syllables that differ in their internal structure ( Fig. 1 ; Table 2 ). In all signals the syllable/pulse duration and, in particular, repetition time showed the lowest intra-and interindividual variation, whereas the dominant frequency was rather variable even in the same individual (Table 1) . Syllables and pulses were emitted in different behavioral contexts and one after another in a stereotyped sequence in which each signal was strictly associated with a speciÞc behavior. The signal emission is associated with slow and regular dorsoventral oscillations of the abdomen and during signal production planthoppers can either be stationary or moving.
The male syllable 1 (MSy1) consists of two distinct subpulses, the second subpulse higher in dominant frequency and amplitude than the Þrst subpulse ( Fig.  1a ; Table 2 ). It has the highest mean dominant frequency and the shortest mean duration among all syllables (Table 1 ). The duration of MSy1 had the lowest inter-individual variability. Syllables classiÞed as MSy1 were emitted as a single signal or as a pair in the context of MCS and as a component of the MpCS (see below).
The male syllable train is composed of two types of syllables (male syllable 2 and 3 [MSy2 and MSy3]) that are both made of three subpulses (Fig. 1b and c) . In MSy2, the Þrst and the second subpulses have the highest dominant frequency and relative amplitude, respectively. The MSy3 differs from MSy2 in higher dominant frequency and relative amplitude of the second subpulse (Table 2 ). The number and duration of MSy2 and MSy3 subtrains in the MST were variable, and sometimes MSy3 was absent from MST. The switch from one syllable subtrain to another often depended on the occurrence of the female reply (see below) and never included a silent period between subtrains or a change in syllable repetition rate. The latter parameter had the lowest intraindividual variability of all male signals (Table 1 ). The MST was often either preceded or followed by emission of a single or paired MSy1.
The male precopula signal (MpCS) is formed by two distinct components separated by a silent gap (duration, 72 Ϯ 39 ms): an MSy1 followed by the male syllable 4 (MSy4), which is made of three subpulses (Fig. 1d) . The MSy4 structurally differs from MSy2 in the higher frequency of the second subpulse and from MSy3 mainly in relative amplitudes ( Table 2 ). The MpCS was emitted in trains with a rather constant repetition rate that was on average, lower than that of MST. The FP was emitted either spontaneously in trains in the context of a female calling signal (FCS; Fig. 2 ) or as a single pulse when emitted as reply to an MST (Fig. 3) . The FCS has spectral and temporal characteristics similar to MST formed exclusively of MSy2 (Table 1 ). The detailed analyses showed a signiÞ-cantly shorter duration of the FP and lower repetition rate of the FCS compared respectively with the MSy2 (Wilcoxon test: T ϭ 97, P Ͻ 0.001) and the MST (Wilcoxon test: T ϭ 205, P Ͻ 0.001) along the train, but no differences in average dominant frequency (Wilcoxon test: T ϭ 2243, P ϭ 0.33) and an identical trend for both pulse/syllable duration and repetition time with high correlation between the genders (Spearman correlation analysis: ϭ Ϫ0.1; t ϭ Ϫ0.98; P ϭ 0.33). In particular, the pulse/syllable duration was increasing continuously, whereas the repetition time increased after an initial decrease (within the 5Ð10th train element). The duration of FP showed low "within and between" variability.
Behavior. Single Males. In single male tests, all individuals showed signaling activity. All tested males emitted MCS, whereas only 14 of 21 (66.7%) males emitted one or more MST of variable duration, mainly formed exclusively by MSy2 (89.5% of syllables in MST were classiÞed as MSy2). The MCS was always the Þrst emitted signal. However, it was emitted with very variable signaling latency (Table 3 ). The males usually stopped emitting MCS after they started to produce MST. The mean signaling activity within 30 min was 28.9%. On average, males called from ten calling points (9.7 Ϯ 8.3; max. ϭ 36, min. ϭ 1).
Single Females. Nine out of the 28 (32.1%) tested females spontaneously emitted vibrational signals in the form of FCS. As with MCS, the signaling latency was variable and usually each female could in the given time emit several trains, of variable duration (Table 3 ). The mean signaling activity in 30 min was 37.9%. On average, females called from three calling points after they had started signaling (3.4 Ϯ 2.2; max. ϭ 7, min. ϭ 1).
Pairs. The signaling activity started either by emission of a MCS (n ϭ 14) or an FCS (n ϭ 6). Eleven of 20 pairs established a mating duet that led to a copulation attempt. Six times duet was initiated by emission of MCS and four times by FCS. Seven males that did not elicit a femaleÕs reply after several MCS attempts started emitting MST, and one of them succeeded in initiating a duet. The MCS signaling latency (for the Þrst recorded signal in the test) was rather variable but not signiÞcantly different between single individual and pair tests (Table 3 ). In contrast, the MST latency was signiÞcantly lower than in the single male tests, in particular in those individuals that successfully initiated a mating duet. Furthermore, even in absence of a duet, the mean signaling activity in 30 min was signiÞcantly higher than in single individual tests ( Table 3 ). Males that did not manage to elicit a female reply emitted MST with a high proportion of MSy2, whereas in the presence of a female reply (duet) the percentage of MSy2 in a train decreased. In one case when the male did not reply to the female, she continued with emission of FCS that apparently did not differ from FCS observed in single female tests (Table 3) .
The duration of the entire mating sequence was quite variable (258.0 Ϯ 180.6 s). With the onset of a duet, a stereotyped behavioral sequence with a progressive development of the mating process was observed and three distinct phases were observed: 1) recognition, 2) courtship, and 3) precopula.
Regardless of which gender initiated a duet, the recognition phase was characterized by short FCS (number of FP/FCS, 4.7 Ϯ 2.9) alternated with single or paired MSy1 (male reply rate, 18.9 Ϯ 17.9%; Fig. 2) . At Þrst the male remained stationary, but soon he started moving around the plant. Male searching behavior was characterized by rapid change of position usually triggered by a female pulse. The male moved for 1Ð2 s and then stopped, waiting for the next female reply to move again. This phase usually was completed within the Þrst minute after the establishment of a duet (mean duration, 37.0 Ϯ 40.9 s). 
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In the courtship phase, the male started emitting MST, mostly made of MSy3, whereas the female inserted one pulse between male syllables without a regular rhythm (female reply rate, 11.1 Ϯ 16.4%). Not all the females continued responding during the courtship phase, and two of the 11 that had replied during the recognition stage, did not reply later. In these cases the males continued with emission of MST. During the courtship, the female reply inßuenced the structure of MST, by instantly triggering the switch from MSy2 to MSy3 (Fig. 3 ) that progressively reversed back to MSy2. This process was repeated until the male located the female. During this phase, the male never stopped signaling, neither while walking nor in the absence of a female reply. Our observations indicate that the approach to the female was not directional and before going to the leaf with a female, the male moved around on the plant, often revisiting the leaf he had vacated previously. Within the mating sequence the duration of the courtship phase was the longest (206.0 Ϯ 189.4 s).
The mating process continued with a rather short precopula phase (15.0 Ϯ 12.3 s), with male and female in close vicinity. In this phase, the female stopped replying while the male started to emit MpCS accompanied by quick leg tapping against the substrate (Fig.  4) . The male moved around the female with jerky lateral movements while maintaining body contact with her. At the Þnal stage, the male positioned himself slightly behind the female, before attempting copulation.
Discussion
This study provides the Þrst comprehensive description of the mating behavior of a surface-dwelling Cixiidae. In H. obsoletus, the species-and sex-speciÞc vibrational signals provide crucial information needed for partner recognition and enable the location of a female by a male. As in other Auchenorrhyncha, the male has a wider signal repertoire in comparison with the female (reviewed in Č okl and Virant-Doberlet 2003). However, the general pattern found in H. obsoletus has the following unique features: 1) the pair formation begins with the emission of either male or female vibrational signals; 2) the mating duet is divided into two distinct sections with females being the more vibrationally active gender in the recognition phase and males in the courtship and precopula stages; 3) the structure of the male syllable train in the courtship phase is regulated by the female reply; and 4) when in proximity to the female males emit speciÞc precopula signals, made of two regularly repeated distinct syllables and accompanied by vibrational signals induced by substrate leg-tapping.
Oliarus polyphemus Fennah, a Hawaiian cavedwelling planthopper, is the only other Cixiidae whose mating behavior has been studied to date (Hoch and Howarth 1993) . As in H. obsoletus, stationary females emit spontaneous calling signals. However, in contrast, in O. polyphemus the female remains the more vibrationally active gender throughout the whole courting sequence, whereas in H. obsoletus females become almost passive during the later stages of the courtship. In general, the structure of vibrational signals in O. polyphemus is much simpler than in H. obsoletus and similar between sexes. It has been argued that in cave-dwelling planthoppers the low complexity of signals may be sufÞcient to enable partner recognition and to avoid interspeciÞc mating for the absence of competitive pressure from related species (Hoch and Wessel 2006) . In H. obsoletus, males emit complex courtship signals made of a frequent alternation of syllable structure. Nuhardiyati and Bailey (2005) considered the complex structure of the vibrational signals of male leafhoppers as an indication of sexual selection, where males are chosen by females on the ground of the attractiveness of their signals. The 4.9 Ϯ 3.4a 7.3 Ϯ 5.2a U ϭ 27.5, P ϭ 0.331 % time c (on 30 min) 13 28.9 Ϯ 21.6a 6 66.0 Ϯ 13.8b 11 U ϭ 4.0, P ϭ 0.002 No. syllables variation in temporal parameters of H. obsoletus vibrational signals, as measured by the coefÞcient of variation, indicates that repetition time of male calling signal and MSy2 within syllable trains in nonduetting males as well as duration of FP, have low interindividual variability and can be regarded as static properties that are used for identifying conspeciÞc mates (Gerhardt 1991) . In contrast, the repetition time of MSy3 syllables within trains during courtship phase as well as of precopula signals, have the highest betweenmale variability and probably could be considered as dynamic parameters that could provide information about male quality and inßuence the response level of females (Gerhardt 1991) . It has been recently proposed that assessment of male quality and mate choice based on properties of vibrational signals might be done during close-range courtship (Virant-Doberlet and Ž ežlina 2007). In addition, the duration of a silent gap between MSy1 and MSy4 in precopula signals may reßect the level of energy available for courtship (Nuhardiyati and Bailey 2005) . Some H. obsoletus females maintained a duet with a male during the recognition phase, whereas they stopped responding during the courtship stage. Although female calling activity can be seen as an indication of receptiveness (Hoch and Howarth 1993) , this alone does not imply the Þnal acceptance of a courting male as a suitable partner.
Although in other species the lack of a female reply even during the later stages of courtship resulted in interrupted mating sequence and prevented location (e.g., Mazzoni et al. 2009 ), in H. obsoletus females regularly ceased responding when males, a few centimeters away, started emitting precopula signals. That once this stage of the mating process had been reached, males always located the female and then attempted the copula, indicates that some additional cues might be used at close range to elicit the precopula phase and to locate the female. Because we did not observe any changes in parameters of female signals during the progression of the mating process, it seems more likely that the switch from courtship to precopula is regulated either by visual or olfactory cues and/or signal amplitude or frequency composition of perceived female signals as the male moves closer to the female. In general, up to now there is no evidence that vision or semiochemicals could be involved in mating behavior of any Auchenorrhyncha. It is known that searching insects augment the efÞcacy of acoustic cues with vision (Bailey 2003) . However, the only evidence of a certain role of nonacoustic cues had been shown for Graminella nigrifrons (Forbes). In this leafhopper, the male search for a female on a plant is initially guided by positive photo taxis (Hunt and Nault 1991) . The emission of precopula signals could also induce the female to cease signaling because the male is already nearby. After partners establish a body contact during precopula stage, mechanical tactile information or chemical cues could enable female acceptance and subsequent copulation. There is however some indication that incidental vibrational cues can inßuence the male behavior. Indeed, even in the absence of female reply the male signaling activity was signiÞcantly higher in pair tests than in tests with single males. This could be explained by the perception of incidental vibrational cues induced by female movements (such as grooming or walking) that could provide enough information about the presence nearby of another planthopper (e.g., Mazzoni et al. 2009 ).
All H. obsoletus signals consist of a single or of a series of pulses/syllables. Such signals have been described in other planthoppers (de Vrijer 1984 , Heady and Denno 1991 , Gillham and de Vrijer 1995 , VirantDoberlet and Ž ežlina 2007 and leafhoppers (Shaw et al. 1974 , Inoue 1982 . Although the structure of male syllables shows some similarities among types, different types were emitted in a stereotyped behavioral sequence, and each type was associated with a speciÞc stage indicating that even relatively subtle differences can convey behaviorally relevant information. Our results indicate that males increase the repertoire by changing the relative amplitude of subpulses and combining two syllables together. Signal transmission through plants results in distortion of vibrational signals due to frequency Þltering (Michelsen et al. 1982, Č okl and Virant-Doberlet 2003) , and such changes can vary between plants as well between different parts of the same plant (Michelsen et al. 1982 , Barth 1998 . The spectral characteristics of the signal differ with increasing distance from the source (Cocroft et al. 2006) ; consequently, different points on a plant have different ratios between amplitudes of different spectral peaks (Č okl 2008). The differences in dominant frequencies and relative amplitudes of subpulses described in three distinct male syllables (MSy2Ð 4) could result from changes in relative positions (i.e., change in distance) between the singing male and recording point. However, such consistent differences were also observed when during the courtship males did not change the position when switching between MSy2 and Msy3 in response to female vibrational signal. MSy1 was emitted when males, in their search for a female, begin to advertise her presence on the plant. Moreover, it also was used as a component of the precopula signal. In the absence of female vibrational signals the structure of male syllable train was simple, mainly composed of one syllable type, MSy2. However, in the presence of a receptive, vibrationally active female the structure became more complex by inserting sections composed of another type of syllable, MSy3. Therefore, it is likely that two types of trains have different roles. Interestingly, in H. obsoletus there are remarkable similarities in temporal and frequency parameters between female calling signal and male syllable train composed of MSy2. Nevertheless, our observations indicate that these two types of signals are not used together by potential partners in recognition phase, when the female emits pulse trains to which the male responds with MSy1.
A possible calling role of MSy2 trains was suggested when in the pair test a female responded to it (after having ignored previous MSy1): the duet henceforth proceeded as a typical courtship and skipped the recognition phase. However, that MSy1 was always the Þrst male emission and that usually it was no longer emitted once the male had started with the syllable trains would assign to this signal a role of Þrst scouting and identiÞcation. Another possible function of Msy2 trains could be related to territoriality. Territorial signals are deÞned as spontaneously produced signals that provide information used for spacing individuals on the plant (Tishechkin 2003) . Such signals would be of particular value to insects that stay on a plant for a relatively long time. In H. obsoletus, when there is no response to their vibrational signals, the males (and to a lesser degree also the females), keep changing their position on the same plant rather than moving from the plant (at least within the 30 min of the trials). By frequently changing the calling position on the same plant, the male would increase the signaling space (Cocroft 2003) , thus increasing the possibility of receiving a female reply. This strategy, as well as call-ßy and call-walk strategy (Hunt and Nault 1991) , could be considered as an adaptation to complex environments to optimize the location of a partner (de Vrijer 1986, Virant-Doberlet and Ž ežlina 2007) . In H. obsoletus, this strategy is accompanied by a long calling activity. Such behavior (moving around the plant and emitting vibrational signals) could be associated with a high risk of predation connected to eavesdropping by specialized predators or parasitoids (Barth 1997 , Meyhö fer and Casas 1999 , Bailey 2003 , Cocroft and Rodriguez 2005 , Laumann et al. 2007 ) and a high expenditure of metabolic energy. Such a risk would be further increased also by a signaling activity equally distributed during the day (our observations indicate no relevant differences in signaling activity between 10 a.m. and 8 p.m.) and by the complexity and relative slowness of the mating process where pair formation and location of the female seem somehow delayed by the low response rate of the male during the recognition stage and the female in the courtship phase. As a consequence, a male can continuously sing for several minutes before receiving a female reply. Although in Auchenorrhyncha diurnal acoustic activity has not been studied in detail, it has been reported that in the leafhopper G. nigrifrons the peak vibrational activity was associated with the onset of photophase (Hunt and Nault 1991) , in the treehopper Vanduzea arquata (Say) at midday (Cocroft 2003) , in the leafhopper Scaphoideus titanus Ball at twilight and early night (Mazzoni et al. 2009 ), but the ßatid planthopper Metcafa pruinosa Say was exclusively nocturnally active (Virant-Doberlet and Ž ežlina 2007) . In contrast to H. obsoletus, the four above-mentioned species adopt "call and ßy" strategy that presumably reduces the risk of being intercepted on the plant by natural enemies.
To conclude, the results of the current study show that in H. obsoletus the vibrational signals are necessary for mate recognition, for initiating the male search, and for ensuring the stimulation of the female acceptance. However, they seem to provide little directional information. Similarly to behavioral patterns observed in the death-watch beetle (Goulson et al. 1994 ), the orientation mechanism in H. obsoletus was not very efÞcient, and males made many moves with no clear directionality with regard to the position of a signaling female. Further studies in more complex social environment are needed to establish the role of vibrational signals in intrasexual competition of H. obsoletus. Well-developed intrasexual competition has recently been described in S. titanus (Mazzoni et al. 2009 ), and such studies should provide more insight into mechanisms that might be involved in evolution of reproductive behavior of H. obsoletus.
